Zinc ions trigger conformational change and oligomerization of hepatitis B virus capsid protein.
Assembly of virus particles in infected cells is likely to be a tightly regulated process. Previously, we found that in vitro assembly of hepatitis B virus (HBV) capsid protein is highly dependent on protein and NaCl concentration. Here we show that micromolar concentrations of Zn2+ are sufficient to initiate assembly of capsid protein, whereas other mono- and divalent cations elicited assembly only at millimolar concentrations, similar to those required for NaCl-induced assembly. Altered intrinsic protein fluorescence and highly cooperative binding of at least four Zn2+ ions (KD approximately 7 microM) indicated that binding induced a conformational change in capsid protein. At 37 degrees C, Zn2+ enhanced the initial rate of assembly and produced normal capsids, but it did not alter the extent of assembly at equilibrium. Assembly mediated by high zinc concentrations (> or =300 microM) yielded few capsids but produced a population of oligomers recognized by capsid-specific antibodies, suggesting a kinetically trapped assembly reaction. Comparison of kinetic simulations to in vitro assembly reactions leads us to suggest that kinetic trapping was due to the enhancement of the nucleation rate relative to the elongation rate. Zinc-induced HBV assembly has hallmarks of an allosterically regulated process: ligand binding at one site influences binding at other sites (cooperativity) indicating that binding is associated with conformational change, and binding of ligand alters the biological activity of assembly. We conclude that zinc binding enhances the kinetics of assembly by promoting formation of an intermediate that is readily consumed in the reaction. Free zinc ions may not be the true in vivo activator of assembly, but they provide a model for regulation of assembly.